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© A method for forming reactive metal silicide lay- 
ers at two spaced locations on a silicon substrate, 
which layers can be of different thicknesses and/or 
of different reactive metal is provided. A silicon sub- 
strate (10) has a silicon dioxide layer (14) formed 
thereon followed by the formation of a polysilicon 
layer (16) on the silicon dioxide layer (14), followed 
by forming layer of refractory metal (18), e.g. 
titanium on the polysilicon (16). A non-reflecting ma- 
terial (20)/ e.g. titanium nitride is formed on the 
refractory metal (18). Conventional photoresist tech- 
niques are used to pattern the titanium nitride (20), 
the titanium (18) and polysilicon (16). and the 
titanium (18) is reacted with the contacted poly- 




silicon (16) to form a titanium silicide (24). The 
portion of silicon dioxide (14) overlying the silicon 
substrate is then removed and the exposed sub- 
strate is ion implanted to form source/drain regions 
(27). A second layer of refractory metal (28), either 
titanium or some other refractory metal, is deposited 
over the source/drain region (27), and either over the 
titanium nitride (20). or over the first formed silicide 
(24) by first removing the titanium nitride (20). The 
second layer of refractory metal (28) is reacted with 
the substrate at the source/drain region (27) to form 
a refractory metal silicide (30), after which the un- 
reacted refractory metal (28) is removed. 




Fig.2 



Rg.4 



Rank Xerox (UK) Business Services 



f 




2 



1 



EP 0 471 185 A2 



2 



This invention relates generally to the fabrica- 
tion of integrated circuits, and more specifically to 
a technique for providing refractory metal silicide 
layers of different materials or of differing thicknes- 
„sesJo_a_single_MOS_integrated circuit. 



The use of refractory metal silicides, and par- 
ticularly titanium silicide, is becoming a widely ac- 
cepted practice in very large scale integrated 
(VLSI) circuits since refractory metal silicides have 
better conductivity than silicon, thus making them to 
desirable for gates and other interconnections as 
well as for source/drain regions of the devices. 

In the formation of silicides in a single MOS 
VLSI integrated circuit, it is desirable that the gate 
electrodes be relatively thick to obtain the full 75 
benefit of the high conductivity of the silicide, 
whereas at the same time it is necessary that the 
thickness of the silicide in the source/drain regions 
be thin enough so as to not extend below the 
doped areas, i.e. not to "punch through" the doped 20 
areas which increases the possibility of excessive 
current leakage. Further, it may be desirable in 
some cases to have a different metal silicide at the 
gates than at the source/drain regions. Thus, it is 
desirable to provide a process which forms the 25 
relatively thick high conductivity silicide or similar 
high conductivity material on the gate electrodes 
while limiting the thickness of the silicide in the 
source/drain region so that it does not "punch 
through" the doped area and also provide for dif- 30 
ferent silicides at different locations. 

One approach to providing such differing thic- 
knesses is shown and _ described in U.S. , Patent 
4,587,718 assigned to Texas Instruments, Incor- 
porated- This patent, while recognizing the prob- 35 
lem, utilizes a technique that does not allow for 
close control of line width and also utilizes materi- 
als which are difficult to accurately and effectively 
remove during processing without adversely affect- 
ing the properties of the integrated circuit chip. 40 
Furthermore, these materials compromise in line 
circuit testing capability. 

Other related references include U.S. Patent 
4,640,004 assigned to Fairchild Corporation; U.S. 
Patent 4,746,219 assigned to Texas Instruments, 45 
Incorporated; U.S. Patent 4.690,730 assigned to 
Texas Instruments, Incorporated; the Technical Ar- 
ticles, Morgan et al. f Formation of Titanium 
Nitride/Silicide Bilayers by~Rapid Thermal Anneal 
In Nitrogen, International Electron Devices Meeting, so 
1985, (Dec. 1-4, 1985) Pages 279 through 287; KU 
et al., Stable Self-Aligned TiNxOy/TiSi2 Contact 
Formation For Submicron Device Applications, 
Appl. Phys. Lett., Vol. 50, NO. 22. ; (June 1, 1987), 
pp. 1598-1600; Kaneko, H., et al.. hfevel Submicron 55 
MOS Devices By Self-Aligned Nitridation of Silicide 
(Sanicide) , IEDM 85 (1985), pp. 208-210; U.S. Pat- 
ent 4,619.038 assigned to Motorola; U.S. Patent 



4,593,454 assigned to Societe pour d'Etude et la 
Fabrication de Circuits Integres Speciaux EFCS; 
U.S. Patent 4,605,947 assigned to Motorola; U.S. 
Patent 4,128,670 assigned to IBM. Also see ab- 
stract of Japanese Publication Jap. No. 62-104174 
(dated May 14, 1987 and assigned to Nippon Tex- 
as Instruments K.K.); 

According to the present invention, a process 
for forming an integrated circuit having refractory 
metal silicide layers of different thicknesses or of 
different silicides in two spaced regions of the 
integrated circuit is provided. The process includes 
the steps of forming a layer of silicon dioxide on a 
silicon substrate wafer after which a layer of poly- 
silicon is deposited on the layer of silicon dioxide. 
A layer of refractory metal is formed on the poly- 
silicon and a layer of essentially non-reflecting ma- 
terial, preferably titanium nitride, is formed on the 
layer of refractory metal. The layers of polysilicon 
refractory metal and non- reflecting material are pat- 
terned by techniques well known in the art. The 
integrated circuit is heated to react the refractory 
metal with the patterned layer of polysilicon to form 
a refractory metal silicide at those locations where 
the refractory metal and the polysilicon are in con- 
tact, preferably at this point in the processing, but it 
could be done at other points in the processing, 
e.g. before the patterning step. A layer of silicon 
dioxide is formed on the exposed surfaces of the 
substrate and the patterned layer of the polysilicon. 
Thereafter, a portion of the silicon dioxide is re- 
moved from the substrate and the patterned sur- 
face of .the polysilicon. by techniques well known in 
the art. Finally, a second refractory metal is formed 
on the substrate, and patterned polysilicon layer. 
The wafer is again heated to form metal silicide in 
the diffusion regions. Any unreacted metal is then 
removed from the wafers. 

Figures 1 through 9 depict, schematically, var- 
ious steps in the forming of an integrated circuit 
having various thicknesses of refractory metal sili- 
cides at different locations; and 

Figure 7a depicts the first step of another em- 
bodiment of forming the refractory metal silicide at 
the source/drain regions. 

Referring now to Figure 1, a silicon crystal 
substrate 10 is shown. The substrate 10 has an 
area of recessed oxide (ROX) 12 grown thereon in 
a conventional manner. A thin layer of silicon diox- 
ide (e.g. less than few hundred angstroms thick) 14 
is formed over the substrate 10. The silicon dioxide 
layer 14 can be thermally grown at about 900* C or 
it can be deposited. Silicon oxynitride as well as 
other dielectric materials could also be used rather 
than silicon dioxide. The silicon dioxide or ox- 
ynitride layer is used as a gate dielectric. 

Over the layer of silicon dioxide 14 and the 
recessed oxide 12 is formed a layer of polysilicon 
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16. The polysilicon 16 is typically deposited to a 
thickness of several thousand angstroms by low 
pressure chemical vapor deposition (LPCVD) which 
is done at about 700 *C for a time sufficient to 
"produce~the~desired-thickness-typically-about-200 — 
- 600 nm. These processes to this point are con- 
ventional and well known in the art. 

Referring now to Figure 2. a layer of refractory 
metal 18 which will form a silicide with the poly- 
silicon, preferably titanium is deposited over the 
layer of polysilicon 16. This layer of titanium is 
deposited in sufficient thickness to react with the 
underlying polysilicon layer which eventually will 
form the gate electrode. Typically, the titanium 
thickness will be about 20 -150 nm. If the refractory 
metal is titanium, it can be deposited by either 
magnetron sputtering or evaporation techniques. 
When sputtering is used, it is deposited according 
to the following process. The titanium is sputtered 
in a single wafer system using 32 seem of Ar. The 
chamber pressure is throttled to 4 mT of pressure. 
3Kw of power are applied to the target. The time is 
adjusted to give the desired or selected thickness. 

Since titanium is a very reflective metal, and if 
photoresist were applied directly over the titanium, 
a problem would be encountered in providing uni- 
form line width by photolithographic processes if 
there are irregularities or curves in the underlying 
surface as in the present instance. This is because 
the radiation used to expose the photoresist passes 
through the photoresist to the underlying material 
and if the underlying material is reflective, this 
"radiation will be reflected; and if it-is reflected at an - 
angle, because of the irregularities or uneven sur- 
faces, the line widths will be uneven due to unwan- 
ted or unintended exposure of the photoresist ma- 
terial due to reflected radiation at an angle. There- 
fore, non-reflecting or radiation absorbing material 
20 is applied over the refractory metal 18. A pre- 
ferred non-reflecting material is titanium nitride 
since this is compatible with the materials being 
used and is itself a conductive material and has 
many advantages. The titanium nitride can be de- 
posited in situ in a magnetron sputtering system 
using known reactive sputtering techniques. How- 
ever, other commercially available rion-reflecting 
materials can be used rather than the titanium 
nitride. 

By well known conventional processes a layer 
of any suitable photoresist 22 is applied over the 
titanium nitride 20, which results in the structure 
shown in Figure 2. The photoresist material is then 
imagewise exposed and developed according to 
conventional photolithographic practices. The ex- 
posed underlying layers of titanium nitride 20, 
titanium 18 and polysilicon 16 are reactive ion 
etched with the silicon dioxide layer 14 acting as 
an etch stop. A three minute step using 40 seem of 



BCh at 20 mT pressure starts the etch. DC bias is 
kept constant at 200 V. 750 Watts are used for the 
second step at 15 mT using 90 seem HCI and 30 
seem of CI. In the final step the gas pressure is 

-5 ^throttled-to-10-mT_with_the_power„supply_set_at_a 

constant DC bias of -215 V. The gas mixture used 
for the final step is 10 seem of O2, 50 seem of Ar 
and 50 seem of HCI. This will result in the structure 
. shown in Figure 3. 

70 At this point, the remaining photoresist 22 is 

stripped by conventional techniques. In the pre- 
ferred method, a "downstream" single wafer ash 
tool is used for stripping the photoresist. 5 l/min of 
0 2 flow into the chamber at 300 C. 550 Watts of 

75 power at 4.5 Torr create sufficient reactants to strip 
the resist in approximately 75 sec. The integrated 
circuit is heated to form refractory metal silicide at. 
the interface between the refractory metal 18 and 
the polysilicon 16. In the embodiment where the 

20 refractory metal is titanium, the heating can take 
place at about 675* C for sufficient time to form the 
silicide. This structure of resulting silicides is 
shown in Figure 4 with the silicides being des- 
ignated by the reference character 24. (The forma- 

25 tion of the silicide is preferably done at this stage 
of the process, but it can be done later in the 
process if desired or earlier in the process even 
before the photoresist is 

A layer of silicon dioxide 26 is then deposited 

30 over the entire substrate according to any conven- 
tional process. In the preferred process, a 240 nm 
thick coating of silicon dioxide is deposited using 
TEOS (Tetraethoxysilane) at 700 V C in a furnace 
using Nitrogen as the carrier gas. This results in 

35 the structure shown in Figure 5. (Other dielectric 
materials such as silicon oxynitride can also be 
used) 

The silicon dioxide 26 is then reactive ion 
etched in a highly anisotropic etch to remove the 

40 oxide from the horizontal surface of the titanium 
nitride 20 and from the horizontal surface of the 
substrate wafer 10 but to leave the silicon dioxide 
as side walls around the silicide electrodes 24 as 
shown in Figure 6. A batch tool preferably is used 

45 for this etch. 130 seem of CHF 3 along with 115 
seem of O2 flow into a chamber throttled to 35 mT. 
1200 Watts are applied for approximately 7 min- 
utes. It will be noted that there is some degree of 
"over-etch" of the side walls. 

50 Ion implantation to create source and drain 

regions 27 is accomplished at this point by tech- 
niques well known in the art. Silicon dioxide gate 
side wall "spacers" provide electrical isolation be- 
tween the gate and source/drain regions. It is at 

55 this point in the processing that an additional sili- 
cide is formed over the source/drain regions 27 
which formation is independent of the formation of 
the silicides 24 on the polysilicon which will be- 
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come the gate electrodes. There are several dif- 
ferent procedures that can be followed in forming 
the silicide in the source/drain regions 27. 

In one technique, the titanium nitride 20 is 
"aliowedto-remain-on-top-of-the-silicide-electrodes- 
24 and a layer of refractory metal 28 is formed on 
the substrate 10 at the implanted or doped regions 
27. This can be the same refractory material as 
was used to form the silicide 24 or it may be a 
different one; and, indeed one of the advantages of 
the present process is that different silicides can 
be formed at the * source/drain regions 27 from 
those at the gate electrodes 24. For this embodi- 
ment, it will be described as depositing a layer of 
titanium 28 over the entire circuit, which is sputter 
deposited as previously described. The time is 
adjusted to give the desired or selected thickness. 
The amount of titanium 28 deposited is selected 
such that upon the subsequent heating step, the 
titanium 28 reacts with the silicon in the diffusion 
zone 27. The titanium silicide 30 which is formed is 
sufficiently thin so that it does not "punch through" 
the diffusion zone 27 but is sufficiently thick to 
meet the junction resistance requirements. This 
structure is shown in Figure 8. 

Also, during the heating, which is at about 
675° C, the titanium 28 will react to some extent to 
form additional titanium nitride deposits. In this 
heating, the titanium 28 which is in contact with the 
recessed oxide 12 and in contact with the side wall 
oxide 26 will not form silicide and is thus essen- 
tially unreacted. This unreacted titanium and the 
titanium nitride are removed to form the -structure 
shown in Figure 9. This selective removal of the 
titanium and titanium nitride is accomplished by the 
following process. This is a wet etch for 15 minutes 
at 65* C in a solution of 1 part H 2 SO* and 10 parts 
H2O2 followed by 5 minutes at 65* C in a solution 
of 5 parts reionized H2O, 1 part NH4OH and 1 part 
H2O2. This will remove the TiN without affecting 
the silicide. 

As indicated above, one of the benefits of the 
present invention is the use of the non-reflective 
layer 20 over the highly reflective layer 18 to insure 
uniform line width during , the patterning by the 
photoresist technique. Another advantage, as in^ 
dicated earlier, is the ability to utilize different re- 
fractory metals to form silicides at the gate elec- 
trode regions on one hand and the source/drain 
regions on the other. For example, in the illustrated 
embodiment, the layer of refractory metal 18 can 
be chosen to be tungsten or molybdenum or cobalt 
and thus the silicide would be the corresponding 
silicide formed by a reaction with^the polysilicon 
layer 16. The use of any of these refractory metals 
can be easily accomplished since with respect to 
any of the refractory metals on the gate electrodes, 
during the processing there does not have to be 



any selective removal of the unreacted refractory 
metal vis-a-vis the refractory metal silicide. Thus, a 
wide selection of refractory metals is available with- 
out having concern about selective removal of the 

-5 unreacted-refractory-metal.»lf-a_different-character- 

istic of silicide is desired for the source/drain re- 
gion 27, then a different refractory metal such as 
titanium could be selected which provides the nec- 
essary titanium silicide and which can be easily 

70 selectively removed in the final step. 

Another advantage of the present invention is 
the use of the preferred non-reflective material 
titanium nitride. If titanium nitride is selected as a 
non-reflective material, it being a very conductive 

75 material, the titanium nitride in many instances 
does not have to be removed prior to the step of 
forming the silicide at the source/drain region 27. 
However, if for some reason, one were to desire to 
remove the titanium nitride 20 after silicide forma- 

20 tion, this can be very easily accomplished by the 
following process: a wet etch for 15 minutes at 65* 
C in a solution of 1 part H 2 SCU and 10 parts H 2 0 2 . 

Other non-reflective materials also can be re- 
moved by conventional means if they are chosen 

25 instead of titanium nitride. For example, organic 
anti-reflective coating (ARC), such as that manufac- 
tured by Ciba-Geigy and others, may also be used 
for improved photolithographic control. However 
more complex processing is required to achieve 

30 the desired result. The ARC can be removed in 
much the same manner that photoresist is removed 
using an O2 plasma as is well known in the art. 

When the titanium nitride 20 (or other, nonr 

reflective material) has been removed, the process- 

35 ing can continue to form the silicide in the same 
manner as if the titanium nitride had not been 
removed (i.e. titanium can be deposited over the 
entire circuit using the process described above 
and the circuit then heated to form a silicide in the 

40 source/drain region). Since titanium will also be 
overlying the silicide composite material 24, it will 
further react to increase the thickness of this ma- 
terial in the gate region which will have the desir- 
able effect of decreasing gate electrode resistivity. 

45 In another embodiment of the invention, tung- 

sten or other refractory metal is selectively applied 
to the structure following the step which resulted in 
Figure 6. This selective deposition is shown as a 
tungsten layer 29 on both the source drain/region 

so 27 and on the titanium nitride layer 20 in Figure 7a. 
A process for selectively depositing the tungsten 
only on electrically conducting materials is accom- 
plished in a cofd wall reactor through the reduction 
of tungsten hexafluoride gas by hydrogen gas. 

55 Conventionally the process is performed at 250 C 
- 600 *C with 100 - 250 seem of the tungsten 
hexafluoride. and 3 - 5 slpm of hydrogen at about 
400 mT. This process is described in U.S. patent 
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4,746,621. Alternatively the titanium nitride layer 20 
can be removed before selective deposition of the 
tungsten, in which case the tungsten is deposited 
on the slicide layer 24 as well as on the 
-source/drain-region-27-.- 



Following the selective deposition, the tungsten 
is reacted with the silicon in the source/drain region 
27 to form a refractory metal silicide by heating to 
about 675 # c. If the tungsten 29 is deposited onto 
the titanium nitride it will remain thereon unreacted. 
If the tungsten 29 is deposited onto the silicide 24 
it will react therewith to form a complex silicide. 
The resulting structure is similar to that shown in 
figure 9 except as explained above and that the 
refractory metal silicide 30 is tungsten silicide rath- 
er than titanium silicide: 

Claims 

1. A process for forming an integrated circuit 
having refractory metal silicide layers at two 
spaced regions of a silicon substrate (10) used 
to form an integrated circuit comprising the 
steps of: 

forming a layer of dielectric material (14) on 
said silicon substrate (10); 

forming a layer of polysilicon (16) on said layer 
of dielectric material (14); 

forming a layer of refractory metal (18) on said 
- piolysilicon; - - - - - - - 

forming a layer of essentially non-reflecting 
material (20) on said layer of refractory metal 
(18); 

patterning said layers of polysilicon (16), said 
refractory metal (18) and said non-reflecting 
material (20); 

said patterned layer including exposed side 
walls of said polysilicon (16); 

heating said integrated circuit to rteact the re- 
fractory metal (18) with the patterned layer of 
polysilicon (16) to form a refractory metal sili- 
cide (24) at those locations whereat said re- 
fractory metal (18) and said polysilicon (16) are 
in contact; 

forming a layer of dielectric material (26) on 
the exposed side walls of said potxsilicon (16); 

removing a portion of said dielectric material 
overlying said substrate to expose a portion of 
the silicon substrate surface while maintaining 



said dielectric material on the side walls of the 
polysilicon (16); 

forming a refractory metal silicide (30) on the 
_portion_ofJhe_exposed_silicon_subst ra te^here-^ 
at said dielectric material (26) was removed. 



2. The process as defined in claim 1 wherein the 
dielectric material (26) formed on the substrate 

io and on the exposed side walls of the poly- 

silicon (16) is silicon dioxide. 

3. The process as defined in claim 1 or 2 wherein 
said refractory metal silicide (30) on said sub- 

15 strate is formed from a second layer of refrac- 

tory metal (28, 29) deposited over at least said 
substrate portion whereat said silicon dioxide 
(26) was removed. 

20 4, The process as defined in claim 3 wherein any 
unreacted refractory metal (28, 29) is removed 
after the step of forming a refractory metal 
silicide (30) on the substrate. 

25 5. The process as described in anyone of the 
claims 1 to 4 further characterized by said 
non-reflecting material (20) being titanium 
nitride. 

30 6. The process as described in anyone of the 
claims 1 to 5 wherein at least one of the 
refractory metals (18, 28, 29) deposited to form 

a^silicide is titanium... __. . 

35 7. The process as described in claim 6 wherein 
both of the refractory metals (18, 28, 29) de- 
posited are titanium. 

8. The process as defined in anyone of the 
40 claims 5 to 7 wherein the silicide layer (30) 

formed on the substrate is formed by deposit- 
ing a layer of refractory metal (28, 29) over the 
substrate and over the titanium nitride. 

45 9. The process as defined in anyone of the 
claims 1 to 8 wherein a silicide layer on the 
substrate is formed by first removing the non- 
reflecting material (20) from the underlying sili- 
cide layers (24) and depositing a layer of re- 

50 fractory metal (28, 29) over both the substrate 

and the formed silicide layers (24). 

10. The process as defined in claim 9 wherein the 
material used for forming the silicide layer in 

55 the substrate is titanium. 

11. The process as defined in claim 2 wherein the 
refractory metal silicide which is formed on the 
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exposed portion of the silicon substrate is 
formed by selective deposition of a refractory 
metal on exposed conducting materials includ- 
ing the exposed portion of the substrate. 

12. The process as defined in claim 11 wherein 
said refractory metal which is selectively de- 
posited on the exposed conducting materials is 
tungsten. 

13. The process as defined in anyone of the 
claims 1 to 12 used for forming an integrated 
circuit having refractory metal silicide layers at 
two spaced regions of a silicon substrate (10) 
one of which regions is a gate electrode (24) 
and the other a source/drain region (27) com- 
prising the steps of: 

forming the layer of dielectric material (14) on 
said silicon substrate (10); 

forming the layer of polysilicon (16) on said 
layer of dielectric material (14); 

forming the layer of refractory metal (18) on 
said polysilicon (16); 

forming a layer of essentially non-reflecting 
material (20) on said layer of refractory metal 
(18); 

patterning said layers of polysilicon (16), said 
— - refractory- metal (18) and said. non?reflecting- 
material (20); 

said patterned layer including a gate electrode 
of said polysilicon (16) having exposed side 
walls; 

heating said integrated circuit of react the re- 
fractory metal (18) with the gate electrode of 
the patterned layer of polysilicon (16) to form a 
refractory metal silicide (24) at those locations 
whereat said refractory metal (18) and said 
polysilicon (16) are in contact; 

I 

forming the layer of dielectric material (26) on 
the exposed side walls of said polysilicon gate 
electrode; 

removing a portion of said dielectric material 
overlying said substrate to expose a portion of 
the silicon substrate surface as a source/drain 
region (27) while maintaining^said dielectric 
material on the side walls of4he polysilicon 
gate electrode; 

forming a refractory metal silicide (30) on the 



source/drain region (27) of the exposed silicon 
substrate wherat said dielectric material, was 
removed. 

_14.__The proce ss as defined in anyone of the 



70 



claims 1 to 13 wherein at least one recessed 
oxide region is formed on said substrate, and 
wherein a portion of at least one patterned 
layer of polysilicon is disposed on said re- 
cessed oxide. 
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© A method for forming reactive metal silicide lay- 
ers at two spaced locations on a silicon substrate, 
which layers can be of different thicknesses and/or 
of different reactive metal is provided. A silicon sub- 
strate (10) has a silicon dioxide layer (14) formed 
thereon followed by the formation of a polysilicon 
layer (16) on the silicon dioxide layer (14), followed 
by forming layer of refractory metal (18), e.g. 
titanium on the polysilicon (16). A non-reflecting ma- 
terial (20), e.g. titanium nitride is formed on the 
£2 refractory metal (18). Conventional photoresist tech- 
^ niques are used to pattern the titanium nitride (20), 
tO the titanium (18) and polysilicon (16), and the 
00 titanium (18) is reacted with the contacted poly- 
*™ silicon (16) to form a titanium silicide (24). The 
V- portion of silicon dioxide (14) overlying the silicon 
^ substrate is then removed and the exposed sub- 
strate is ion implanted to form source/drain regions 
O (27). A second layer of refractory ;metal (28), either 
0 titanium or some other refractory metal, is deposited 
UU over the source/drain region (27), and either over the 
titanium nitride (20), or over the first formed silicide 



(24) by first removing the titanium nitride (20). The 
second layer of refractory metal (28) is reacted with 
the substrate at the source/drain region (27) to form 
a refractory metal silicide (30), after which the un- 
reacted refractory metal (28) is removed. 
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